Objective: The subclavian vein (SCV) is usually used to inject the indicator of cold saline for a transpulmonary thermodilution (TPTD) measurement. The SCV catheter being misplaced into the internal jugular (IJV) vein is a common occurrence. The present study explores the influence of a misplaced SCV catheter on TPTD variables. Methods: Thirteen severe acute pancreatitis (SAP) patients with malposition of the SCV catheter were enrolled in this study. TPTD variables including cardiac index (CI), global end-diastolic volume index (GEDVI), intrathoracic blood volume index (ITBVI), and extravascular lung water index (EVLWI) were obtained after injection of cold saline via the misplaced SCV catheter. Then, the misplaced SCV catheter was removed and IJV access was constructed for a further set of TPTD variables. Comparisons were made between the TPTD results measured through the IJV and misplaced SCV accesses. Results: A total of 104 measurements were made from TPTD curves after injection of cold saline via the IJV and misplaced SCV accesses. Bland-Altman analysis demonstrated an overestimation of +111.40 ml/m 2 (limits of agreement: 6.13 and 216.70 ml/m 2 ) for GEDVI and ITBVI after a misplaced SCV injection. There were no significant influences on CI and EVLWI. The biases of +0.17 L/(min·m 2 ) for CI and +0.17 ml/kg for EVLWI were revealed by Bland-Altman analysis. Conclusions: The malposition of an SCV catheter does influence the accuracy of TPTD variables, especially GEDVI and ITBVI. The position of the SCV catheter should be confirmed by chest X-ray in order to make good use of the TPTD measurements.
Introduction
The transpulmonary thermodilution (TPTD) technique is a multi-parametric advanced cardiopulmonary monitoring technique that enables measurement of important variables required for making decisions in critically ill patients (Della Rocca et al., 2002; Heid et al., 2008; Cannesson et al., 2011; Vincent et al., 2011; Sakka et al., 2012) . The TPTD is based on a cold saline bolus injection through a central venous catheter (CVC) in the central venous circulation, and the subsequent blood temperature change is picked up by a thermistor placed in the descending aorta through the femoral artery. Three main values, i.e. the area under curve (AUC), mean transit time (MTt), and down-slope time (DSt), are determined by the created thermodilution curve. MTt means the time that half of the injected cold saline has passed the thermistor, and DSt means the duration of the exponential decrease of the dilution curve (Sakka et al., 1999; Reuter et al., 2005) . Cardiac output (CO), global end-diastolic volume (GEDV), intra-thoracic blood volume (ITBV), and extra-vascular lung water (EVLW) are calculated according to the three values described above: both GEDV and ITBV are the preload indicators, and EVLW is a sensitive indicator of pulmonary edema (Katzenelson et al., 2004; Michard et al., 2005; Kuzkov et al., 2006; Khan et al., 2007; Bendjelid et al., 2010; Belda et al., 2011; Eichhorn et al., 2012; Kiefer et al., 2012) . The combined measurement of CO, GEDV, and EVLW could provide a synthetic platform for hemodynamic management in critically ill patients.
Using superior vena cava via subclavian or jugular catheters is the preferred method for injecting the cold saline bolus for TPTD. A recent guideline recommends subclavian vein (SCV) access due to a lower catheter infection rate (O'Grady et al., 2011) . However, misplacement of the catheter into the ipsilateral internal jugular vein (IJV) might occur during right subclavian cannulation (Rath et al., 2009) . Sometimes, the misplacement is detected promptly, for a variety of reasons such as delayed chest radiography, weak awareness of clinicians of the importance of the correct catheter position. So far, to the best of our knowledge, no study has been reported on whether the misplaced catheter has influence on the TPTD measurements. Over the past two years, we collected data on 13 patients with misplacement into the ipsilateral IJV on severe acute pancreatitis (SAP) patients, who need hemodynamic monitoring, and made a series of case studies.
The aim of the present study is to investigate the influence of misplayed SCV catheter into IJV on TPTD measurements including cardiac index (CI), GEDV index (GEDVI), ITBVI index (ITBVI), and EVLW index (EVLWI). The study has been approved by Ethics Committee of the Second Affiliated Hospital, School of Medicine, Zhejiang University (Hangzhou, China).
Materials and methods

Patients
According to the Revision of Atlanta Classification of Acute Pancreatitis (Banks et al., 2013) , 97 SAP patients were diagnosed and admitted into intensive care unit of the Second Affiliated Hospital, School of Medicine, Zhejiang University (Hangzhou, China) between September 2012 and August 2014. Most of them were cholangitis-originated and other reasons were alcohol abuse and hyperlipidemia. Among those patients, 13 were had the SCV catheter misplaced into the IJV and received TPTD measuring. All of the TPTD measurements were analyzed from these 13 SAP patients.
TPTD measurements
All 13 patients had an SCV cava, and TPTD was performed when the misplaced SCV catheter was detected by chest X-ray (Fig. 1a) . The misplaced SCV catheter was then removed and the ipsilateral IJV catheter was then replaced and confirmed by chest X-ray before another TPTD measurement was performed (Fig. 1b) . The maximum interval time between the two different catheter measurements is 20 min. Central venous pressure (CVP) was recorded though the two venous catheter. TPTD measurements were performed using a Pulsiocath 5-French thermistortipped catheter (Pulsion Medical Systems, Munich, Germany) placed in the abdominal aorta through the femoral artery and connected to the PiCCO Plus monitor (Pulsion Medical Systems SE, Feldkirchen, Germany). According to the manufacturer's recommendations, a 15-ml cold saline (0-4 °C) solution was injected into the circulation through the SCV and IJV catheter distal lumen, respectively. A total of 104 measurements were obtained (52 measurements via misplaced SCV access and another 52 measurements via IJV access). One THTD measurement procedure consisted of four injections via each catheter access.
Results were calculated as the mean of these four consecutive measurements. There was no intervention allowed during the two different catheter access measurement procedures. CO, GEDV, and ITBV were indexed for body surface area and EVLW was indexed for body weight.
Statistical analysis
All results were expressed as mean±standard deviation (SD) and analyzed by statistical software GraphPad Prism version 6.0 (GraphPad Software for Science, San Diego, CA, USA). The differences of TPTD parameters derived from subclavian and jugular injection were compared though Bland-Altman analysis. Systematic bias and 95% limits of agreement were used for comparison of CI, GEDVI, ITBVI, and EVLWI. AUC, MTt, and DSt were compared using the two-tailed paired Student's t-test; P<0.05 was considered to indicate a significant difference.
Results
Patients' characteristics
A total of 104 measurements in 13 SAP patients admitted to ICU were analyzed. All patients had persistent organ failure and the characteristics are shown in Table 1 .
Patients' basic cardiopulmonary characteristics and TPTD measurements
Two groups of TPTD measurements were calculated from TPTD curves after injection of cold saline via the IJV and the misplaced SCV accesses. Patients' basic cardiopulmonary characteristics and TPTD variables data related to different vascular access are shown in Table 2 .
The comparison of GEDVI IJV and GEDVI SCV-IJV (SCV-IJV: misplaced SCV catheter into IJV) shows that the value of GEDVI IJV and GEDVI SCV-IJV ranged from 432.0 to 1484.0 ml/m 2 (mean (852.1± 256.1) ml/m 2 ). Bland-Altman analysis showed an overestimation of GEDVI after misplaced subclavian injection (Fig. 2a) . The bias was +111.40 ml/m 2 and the 95% limits of agreement were +6.13 and +216.70 ml/m 2 (Fig. 2a) . ITBVI is proportional to GEDVI and is calculated according to the formula: ITBVI=1.25×GEDVI. Therefore, the bias of ITBVI was similar to GEDVI. (Fig. 2b) , the 95% limits of agreement were −0.31 and +0.65 L/(min·m 2 ) (Fig. 2b) .
The value of EVLWI IJV and EVLWI SCV-IJV ranged from 3.00 to 21.00 ml/kg (mean (10.34± 5.18) ml/kg). EVLWI SCV-IJV showed a good agreement with EVLWI IJV . A bias of +0.17 ml/kg was indicated by Bland-Altman analysis (Fig. 2c) , and the 95% limits of agreement were −2.05 and +2.39 ml/kg (Fig. 2c) .
There is a significant difference of MTt between jugular injection and misplaced subclavian injection. MTt after injection into misplaced SCV access (MTt SCV-IJV ) (mean (23.77±5.28) s) is longer than MTt after jugular (MTt IJV ) injection (mean (21.15± 5.62) s) (P=0.016; Fig. 3a) . We can speculate that this is the main reason leading to overestimation of GEDVI and ITBVI. However, there are no statistical differences of AUC or DSt between jugular injection and misplaced subclavian injection (Figs. 3b  and 3c ).
Discussion
The SCV is usually used for catheter placement, and the most common misplacement during SCV catheterization is into the IJV. The question is whether the injection of cold saline through a misplaced SCV catheter into the IJV has influence on TPTD measurement. In TPTD measurement, previous studies have found that an overestimation of GEDVI was indicated after femoral vein injection compared with the jugular vein injection (Schmidt et al., 2007; Saugel et al., 2010) . We also found that the injection of an indicator of cold saline via misplaced SCV access can lead to regular abnormalities in GEDVI and ITBVI.
The present study reveals that there is an acceptable level of agreement of CI and EVLWI between jugular and misplaced SCV catheter injection. However, for GEDVI and ITBVI, we found a significant bias that shows an overestimation of results obtained after misplaced SCV catheter injection. Our results also showed that the MTt after misplaced catheter injection (MTt SCV-IJV ) is higher than that with jugular injection (MTt IJV ). However, there is no significant difference of AUC or DSt between the two different catheter positions. In addition, CO is calculated based on the AUC of thermodilution curve, whereas GEDV and EVLW are calculated by means of CO, MTt, and DSt according to the formulas: GEDV=CO×(MTt−DSt) and EVLW=ITTV−1.25× GEDV, provided by PiCCO's instruction manual. Therefore, it can explain the overestimation of GEDVI, and since ITBV is equal to 1.25×GEDV, ITBVI was also overestimated. Furthermore, since the formulation of EVLW could be converted to CO×(1.25×DSt−0.25×MTt), we inferred that the factor 0.25×MTt is too small to affect the clinical relevant results of EVLWI.
Why was MTt SCV-IJV higher than MTt IJV ? We believe that the cold saline has flowed into the jugular vein in the opposite direction after injection into the misplaced SCV catheter distal lumen, and then moved back to the superior vena cava. Therefore, the transit time was delayed because of the longer distances of transmission and this may affect the results of TPTD measurements (Fig. 4) .
In the intensive care unit, SCV access has been regarded as the optimal way for central venous cannulation. However, at times, malposition of the SCV catheter occurs and is not detected in time. What causes the delay? Here are some possibilities: (1) Some hospitals in poor areas still lack a mobile radiography machine, and critically ill patients are taken into the digital radiography (DR) room for a chest X-ray, which may bring more risks. (2) Some clinicians have little awareness of the importance of the correct position of the catheter. They always think that pneumothorax, hemothorax, and air embolism are the most common clinical complications. Therefore, the chest X-ray is often replaced with auscultation and clinical manifestations. In addition, a chest X-ray is regarded as time-consuming and exposes the patient to radiation. (3) In the case of an emergency, matters are too urgent, so there is no time to have a chest X-ray. Our study showed that the misplacement of SCV catheter could affect the results of TPTD measurements. Therefore, the correct position of the SCV catheter should be confirmed by chest X-ray if TPTD measurements are needed.
Furthermore, it is also important to increase the success rate of catheterization. Several studies have reported that there are other tests which can identify the misplacement of an SCV catheter. The IJV vein occlusion test and the saline flush test are the most common methods for rapid diagnosis of a misplaced SCV into the IJV (Ambesh et al., 2001; Rath et al., 2009) . Electrocardiograph (ECG) guiding for catheterization of SCV can decrease the malposition, but this method is not advisable for a patient with rhythm disturbance (Starr and Cornicelli, 1986; Goel et al., 2010) . In addition, it is implicit for misplacement that there is ear pain in the process of catheterization (Dubey and Kumar, 2002) . Based on the results of study, the clinicians have an additional reason for a correct SCV catheter position for obtaining accurate TPTD measurements. Physicians should have a basic and experiential judgment on patients' circulatory state before TPTD is performed, and have awareness to the obvious unusual parameter. Moreover, when an SCV catheter is available, physicians should be sure to have both the ability and methods to avoid misplacing the catheter into the jugular vein.
Conclusions
The present study showed the influence on TPTD measurements after cold saline injection via a misplaced SCV catheter compared with IJV. Our data indicated that there were overestimations of GEDVI and ITBVI after such misplacement. However, the CI and EVLWI demonstrated an acceptable level of agreement after SCV and IJV injection. Thus, the correct position of SCV catheter is important, and a chest X-ray is necessary. Furthermore, the other tests can increase the success rate of SCV catheterization.
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